SPECIFICATION 

TITLE OF THE INVENTION 

METHOD FOR CONTROLLING THICKNESS OF SKIN LAYER OF 
COMPOSITE RESIN MOLDED PRODUCT 

5 

BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to a method for controlling the 

thickness of a skin layer of a compositely made thermoplastic 
10 resin molded product having a skin layer and a core layer. 

Detailed Description of the Prior Art 

Conventionally, when molding a composite molded product, 

an inner core is increased in percentage by making the 

viscosity of the first resin with carbon dioxide gas lower 
15 than that of the second resin (refer to the patent literature 

1) . 

Moreover, when positively controlling a molding position 
of a hollow part by injecting the second molding material 
differing in viscosity to the first molding material, a 
20 fibrous or granular filler is added to the resin so that a 
suitable difference in viscosity can be obtained (refer to the 
patent literature 2) . 

Patent literature 1: The Japanese Patent Publication 

1999- 202694 (Page 2) 

25 Patent literature 2: The Japanese Patent Publication 

2000- 141405 (Page 4) 

In injection molding, the thermoplastic resin (hereafter 
called resin) is plasticized and injected into a metallic 
mold, and is solidified by cooling to mold the molded product. 
30 While most of molded products are generally molded of a single 
kind of resin, while it is known as sandwich molding to 
manufacture a composite resin molded product by injection 
molding it of a same or different kinds of resins. 

In the case of the sandwich molding, a first resin making 
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the skin layer forming the surface layer part of the molded 
product is injected into the cavity of a metallic mold in 
advance, and then a second resin making the core layer is 
injected into the first resin so as to be filled therein. 
Thickness of the skin layer formed by the molding depends on 
the viscosity characteristics of the first and second resins, 
and the skin layer tends to be formed thinner when the 
viscosity of the first resin is set lower than that of the 
second resin. 

It is known that the viscosity of resin varies according 
to plasticizing temperatures and shear rates. However, the 
thickness of the skin layer is not freely controllable by the 
variation in the viscosity according to them. In addition, 
since there is also a fear of causing deterioration in the 
physical properties of the resins, the viscosity difference 
made at the time of molding a composite molded product is 
provided by artificially varying the viscosity by means of 
adding another material thereto. 

According to the above-mentioned patent literature 1, the 
viscosity difference between the first and second resins is 
made by dissolving carbon dioxide gas in a molten resin. 
However, since the method using carbon dioxide gas needs not 
only a carbon dioxide gas supply facility but also a resin 
foaming machine and an arrangement for discharging and 
processing unnecessary used gases, the method has the problem 
that the arrangement costs have to be high. 

Moreover, as described in the patent literature 2, 
some of the means for obtaining the viscosity difference, 
fibrous filler such as whiskers, metallic fiber, glass, carbon 
or a granular filler such as talc, calcium carbonate, mica is 
added to a resin. Although such means do not have the 
arrangement cost problem as in the case of using carbon 
dioxide gas, the above-mentioned filler may influence on the 
physical properties of the resin depending on the addition, 



xn 
a 



-2- 



10 



and moreover, when the filler is added to the first resin for 
forming the skin layer, the filler is exposed on the surface 
of the skin layer, therefore, the means also has a problem 
that xt is hard to be employed depending on molded products 

This invention has been devised in order to solve the 
conventional problems mentioned above, and the purpose thereof 
13 t0 Pr ° Vide a new method ^ which the viscosity is varied by 
addxng an ultrafine foreign substance to a raw material resin 
and the thickness of the skin layer of the composite resin 
molded product is controlled by the viscosity difference 
arxsing therein, but which does not have an influence on the 
Physical properties of the resin and the molded product by the 
addxtion of the foreign substance. 

15 SUMMARY OF THE INVENTION 

This invention for the purpose mentioned above is that 
the thickness of the skin layer is controlled by the 
dxfference in viscosity between the two kinds of resins 
provided by adding a carbon nanomaterial to either of the 
20 thermoplastic resins when manufacturing the composite resin 
molded product consisting of the skin layer comprising the 
first thermoplastic resin and the. core layer comprising the 
second thermoplastic resin by injection molding, and that the 
fxrst thermoplastic resin and the second thermoplastic resin 
5 consist of the same kind of resin or different kinds of 
resxns. This invention for the purpose mentioned above is a 
method for controlling a thickness of a skin layer on a 
composite product having the skin layer and a core layer, 
comprising steps of: 

0 (a) adding a carbon nanomaterial to either a first 

thermoplastic resin or a second thermoplastic resin to cause 

or increase a difference in viscosity between those resins- 
and ' 

(b) injection molding both said resins into a mold together or 
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separately to produce said composite produot having the skin 
ayer containing said first thermoplastic resin and the oore 
layer containing said seoond thermoplastic resin so as to 
control the thickness of the skin layer hy said difference in 
viscosity. The f irst thermoplastic ^ ^ 

h M rSSin " e C ° mPOSed ° f the — of resin or 

different kinds of resins. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig.l illustrates a graph of viscosity variation of 
polypropylene ,PP, according to the addition of fullerene 

Fig.2 illustrates a graph of viscosity variation of 
polypropylene ,PP, according tQ ^ ^ ^ _ 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Although an illustration is omitted, the composite resin 
-Ided product to he developed hy the present invention is 
-OK*, hy using two i„-l ine S crew type injection machines or 
wo preplasticating injection machines similarly to ordinary 
composite , resin molded products. The cavity of the metallic 
-Id is firstly filled with the first resin forming the skin 
layer from an injection machine either the in-line screw type 
injection machines or d™i«h„,.' . 

preplasticating injection machines, and 
next, the first resin in the cavity is fiu ed „ ith the second 
re in from the ether injection machine, which is the same type 
with the one used at first, and the composite resin molded 
product is then molded. 

The raw material resins fnr i-v,~ 

resins tor the composite resin molded 

Product are thermoplastic resins used as molding m at eri als f 
30 goods, for example, the resins such a, 

^ethylene, polyester, polyamide, ^-US ^ITs. 
Two resins, the same kind or different kinds, of those 
thermoplastic resins given as the example are 

first resin making the skin layer or the second resin 
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making the core layer. Next, the plasticized resins are 
injected and filled to the cavity as described above, the 
composite resin molded product comprising the skin layer 
molded by the first resin and the core layer molded by the 
5 second resin is then produced. 

Even in the same kind of resins, a viscosity difference 
is caused to some extent depending on a plasticizing 
temperature and a shear rate, however, with such a degree of 
the viscosity difference arising there, by injecting the 

10 second resin therein, it is difficult to control the thickness 
of the skin layer made of the first resin to a set thickness. 
Similarly, in the case of the resins of different kinds, even 
if the viscosity difference arises from the inherent viscosity 
of the individual resins, the thickness of the skin layer 

15 arising from the viscosity difference is always constant, 
therefore, the thickness of the skin layer cannot be 
controlled with the viscosity difference according to 
composite resin molded products, unless the viscosity of the 
resins are made to arbitrarily vary by a certain means. 

20 Therefore, either of the first and second resins is 

provided with a viscosity difference by adding a carbon 
nanomaterial . As the carbon nanomaterial , carbon nano-fiber 
of, for example, a 50 - 200nm diameter and a 100 - 1000 aspect 
ratio, carbon nanotube of, for example, a 1 - 5nm diameter and 

25 a 100 - 1000 aspect ratio, and fullerene of, for example, a 
0.7 - lnm diameter can be mentioned. Since they are more 
ultrafine particles than a conventional filler, they are 
familiar with the resins and have a better dispersion 
efficiency by kneading, and accordingly, the variation in 

30 viscosity can be provided without damaging the physical 
properties of the raw material resins. 

As long as an addition of carbon nanomaterial is in the 
range of 1 to 20 mass %, plasticization and injection filling 
of the raw material resins can be performed according to an 
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ordinary method. As the* 

ranae 1-h • addition " increased within the 

range, the viscosity varistionc 

y variatlon s- however, there is a 

^iir,: :: y f r; iation — ^ — 

- i • , 6 and flbrou s particles having a l P nath 

' lxke carbon nanotube. 5 len< ? th 

Fig. ! shows a relat . on between v . scos injection 

condition o f pol ypropyl ene resin (PP) added wi J 

e th~: t of added fuiierene - The - » -II 

tne addition increase-? 3 t,h ^ • 

creases, and it is presumed that this result- 
» Pained because fullerene ^ resu 

to lts spherrcal shape of the particles and they ate easy to 
be unrfor m ly dispersed by plasticization of the resin 

Fig. 2 shows a relation between viscosity at injection 

Losity r and the ien9ths ° f carb ° n »» 

other hana th 63 " 5 " addUi ° n ln ™ S ' b " the 

other hand, the vrscosity increases as the len g th of the 

a I « V~ S - " " " — — directionality 
3 beCaUSe ° f len * th * Particles and the particles are 

:::::: :LT th d . each other - they — — - - - - 

-Longitudinal directions of the D artiH 00 

cue particles even if th^v ^v-^ 
uniformly dispersed in the resin t „ 

■cne resin. In other word, with r.rhnn 
nanotuhp t->,^ • . wlLn cartoon 

controll 1 " Variati ° n beCOmeS -"trollable by 

controll lng the length and addition of the particles 

An illustration is omitted here, but in order to m o,H 
-Ided product by injection, a first in"" * 
Prided with two hoppers for the raw Iter Tresl ZTZ 

r. — r r a ~~ — ™ 

nopper for the raw material resin are used Bot-h 
machines are set so as to touch a _ metallic lid „ 

P o ucH: - and " " aMe " of the m ol 

»=xt, the S . kinds of resins are stored in the resin 
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™ T b ° th in3eCtl0n maChi ^ " "» ««* - ln and the 

:::: L r; he r :r:: th the — 

batch is st h " —ferial, or . master 

batch „ stored ln the other on 

~> machine Th<=> -f-; . J CLLlun 

e - ine first resin and the r*r+.™ 

tne ca rbon nanomaterial ar^ 
P P Ued to the first inaction m achine at the s « time 

LT; ■ adjusting the supply — of - - 

° °" bon "n—t.rl.1. a set amount of carbon 

an te ial is mixed wlth first ^ ^ bo 

the second resin is supplied to the second injection machine. 

the first \ rlal " rSt ™«>li.d to 

the frrst ln]ectlon macMne plasticized 

no Heater around the inaction m achine and rotation 

r r alied r ide and are °° mpiet ^ «= - - 

time, the second resin i» ,ic,„ , ^. . 

• ■ • ,. als ° P^sticized with the second 

^T 100 maChine ' Mt « «» P^ticization has 

comp e t6d , the £irst and second b e 

cavrty tor f i lling from both „ f ^ ^.^^^ ° ^ 

bese section fillings , the first ^ ^ ' " 

eel: 7 n r; hine precedes - The timing ° f the * th. 

rlline 7 T" "* * ^ "» ^-"on 

d r t; S COmPlSted ^ " rSt — e or 

l »3««:ion before completed. The second resin is 
injected in the first resin in any case and th 
_ . , , y <-«e, and the composite 

molded product forced of the s k i„ lay er made of the ( 

"ben the inaction f illing of the „ ^ ~ 

th The first resin - ^ ia - viscosity 

adding the carbon nanomaterial ' thereto in 
stretched by the resin pressure of the l n < J ^ 
the thickness of the skin 1 ■ ' S ° that 

Th „ n layer 13 formed thinner or thicker 

according to the additions of the carbon nanomaterial 

The above are the explanation about the case that the 
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thickness of the skin layer is controlled by lowering the 
viscosity of the first resin by adding the carbon nanomaterial 
thereto to provide a viscosity difference across the second 
resin of the same kind, however, it is also possible to 
control the thickness of the skin layer by lowering the 
viscosity of the second resin by the similar means. 

As described above, according to the present invention in 
which either of the first or second resins is varied in 
viscosity by adding the carbon nanomaterial, the problem of 
the arrangement costs in the case of the conventional method 
by adding carbon dioxide gas is solved and lowering the 
viscosity of the resins can also be performed efficiently. 
Moreover, since the carbon nanomaterial is far finer than the 
filler such as carbon fiber beyond comparison, the resin is 
neither deteriorated in physical properties, nor lowered in 
strength of the- molded product even in addition amounting to 
about 20 mass%, and the thickness of the skin layer can 
properly be controlled by adjusting the addition. 



20 Embodiment 

Injection Molding machine: 
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Raw material resin: 
Carbon nanomaterial: 

Addition: 

Resin viscosity: 

Molding conditions: 



Molded product (plate) 



FN1000-12AD (manufactured by NISSEI 
PLASTIC INDUSTRIAL CO., LTD.) 
Polypropylene (PP) 
lOnm diameter, 1 - 10um length, 
tube-like form 

10 mass% (added to the second resin) 
The first resin 20Pa-s, 
The second resin 15Pa-s 
Plasticizing temperature 200°C 
Injection speed lOOmm/s 
Injection pressure lOOMpa 
Plane area 36.0cm 2 , Thickness 2.0mm 
Skin layer 0.24mm, Core layer 1.52mm 
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